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supplied to the load; and a controller for controlling a 
duration ratio of a period in Which the sWitching device is on 
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by the detector, so as to control a value of the voltage applied 
to the load. The controller includes: a saW-tooth Wave 
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SWITCHING REGULATOR CIRCUIT AND 
VEHICULAR LAMP 

This patent application claims priority from a Japanese 
patent application No. 2002-300961 ?led on Oct. 15, 2002, 
the contents of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a sWitching regulator 
circuit that supplies poWer to be supplied to a load and a 
vehicular larnp used in a vehicle. 

2. Description of the Related Art 
Conventionally, a sWitching regulator circuit is provided 

betWeen a poWer supply and a load, in order to control poWer 
to be supplied to the load as disclosed, for example, in 
Japanese Patent Application Laid-Open No. 2001-215913, 
pages 6—12 and FIGS. 2—6. The sWitching regulator circuit 
repeatedly sWitches Whether or not the poWer is alloWed to 
be supplied to the load, thereby controlling a duty ratio of a 
voltage and a current that are to be supplied to the load. 

The sWitching regulator circuit generates a saW-tooth 
Wave and sWitches Whether or not the poWer is supplied to 
the load at a timing based on the result of comparison of a 
value of the thus generated saW-tooth Wave With a prede 
terrnined threshold value. Moreover, the sWitching regulator 
circuit changes the threshold value With Which the value of 
the saW-tooth Wave is compared or changes the frequency of 
the saW-tooth Wave and the threshold value With Which the 
value of the saW-tooth Wave is compared, thereby control 
ling the duty ratio of the voltage and current to be supplied 
to the load. The control of the frequency of the saW-tooth 
Wave and the control of the threshold value are performed by 
using an integrated circuit. 

According to the conventional method of controlling the 
duty ratio mentioned above, hoWever, the integrated circuit 
for the control is required. This increases the cost of the 
sWitching regulator circuit. Especially, in a case of control 
ling a high voltage and a large current, an integrated circuit 
having the increased cost is required. Although a high 
perforrnance control circuit such as the integrated circuit is 
not required in a case Where it is not necessary to perform 
the control With high precision, the conventional control 
method mentioned above requires the integrated circuit. 
HoWever, the use of the integrated circuit did not provide 
effects that are Worth the cost. 

SUMMARY OF THE INVENTION 

Therefore, it is an object of the present invention to 
provide a sWitching regulator circuit and a vehicular lamp, 
which are capable of overcoming the above draWbacks 
accompanying the conventional art. The above and other 
objects can be achieved by cornbinations described in the 
independent claims. The dependent clairns de?ne further 
advantageous and exemplary combinations of the present 
invention. 

According to the ?rst aspect of the present invention, a 
sWitching regulator circuit for controlling poWer supplied to 
a load, comprises: a sWitching device operable to repeatedly 
go on or off to control a voltage or a current applied to the 
load; a detector operable to detect a supply voltage or a 
supply current supplied to the load; and a controller operable 
to control a duration ratio of a period in Which the sWitching 
device is on or off based on the supply voltage or the supply 
current detected by the detector, to control a value of the 
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2 
voltage applied to the load, Wherein the controller includes: 
a saW-tooth Wave generation unit operable to charge and 
discharge a saW-tooth Wave generation capacitor grounded 
at one end to change a voltage at another end of the 
saW-tooth Wave generation capacitor like a saW-tooth Wave; 
a charge/discharge controller operable to change a ratio of a 
rate at Which the saW-tooth Wave generation capacitor is 
charged and a rate at Which the saW-tooth Wave generation 
capacitor is discharged, based on the supply voltage or the 
supply current detected by the detector; and a sWitching 
device controller operable to compare a voltage value of the 
saW-tooth Wave generation capacitor With a predetermined 
threshold value and to control the duration ratio of the period 
in Which the sWitching device is on or off based on the 
comparison result. 
The charge/discharge controller rnay output a charge/ 

discharge control voltage based on the supply voltage or the 
supply current detected by the detector, the sWitching device 
controller may be a comparator that compares a voltage of 
the saW-tooth Wave generation capacitor With a comparison 
voltage supplied to the sWitching device controller and 
outputs a sWitching control voltage for controlling the 
sWitching device based on the comparison result, and the 
saW-tooth Wave generation unit may include: the saW-tooth 
Wave generation capacitor operable to be charged at a rate in 
accordance With the charge/discharge control voltage; a 
hysteresis generation unit operable to determine the corn 
parison voltage to be supplied to the sWitching device 
controller in accordance With the sWitching control voltage; 
and a discharge diode operable to discharge the saW-tooth 
Wave generation capacitor at an approximately constant rate, 
in a case Where the voltage of the saW-tooth Wave generation 
capacitor is higher than the sWitching control voltage. 
The charge/discharge controller rnay output a charge/ 

discharge control voltage based on the supply voltage or the 
supply current detected by the detector, the sWitching device 
controller may be a schrnitt trigger inverter, to Which a 
voltage of the saW-tooth Wave generation capacitor is 
supplied, operable to output a sWitching control voltage for 
controlling the sWitching device based on the voltage of the 
saW-tooth Wave generation capacitor, and the saW-tooth 
Wave generation unit may include: the saW-tooth Wave 
generation capacitor operable to be charged at a rate in 
accordance With the charge/discharge control voltage; and a 
discharge diode operable to discharge the saW-tooth Wave 
generation capacitor at an approximately constant rate in a 
case Where the voltage of the saW-tooth Wave generation 
capacitor is higher than the sWitching control voltage. 
The detector may include: a current detecting resistor, 

provided betWeen an external voltage and the load, operable 
to alloW the supply current to How therethrough; a transistor 
having an emitter terrninal electrically connected to one end 
of the current detecting resistor and a base terrninal electri 
cally connected to another end of the current detecting 
resistor, the transistor generating a collector current in 
accordance With voltage drop in the current detecting resis 
tor to supply the collector current to the charge/discharge 
controller; and a temperature cornpensating diode, provided 
betWeen the base terminal of the transistor and the other end 
of the current detecting resistor in series, operable to corn 
pensate change of a threshold voltage of the transistor 
caused by temperature change. 

According to the second aspect of the present invention, 
a vehicular larnp used in a vehicular, comprises: a light 
source operable to emit light in accordance With poWer 
supplied thereto; a sWitching device operable to repeatedly 
go on or off to control a voltage or a current applied to the 
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light source; a detector operable to detect a supply voltage 
or a supply current that is supplied to the light source; and 
a controller operable to control a duration ratio of a period 
in Which the sWitching device is on or off based on the 
supply voltage or the supply current detected by the detector, 
to control a value of the voltage applied to the light source, 
Wherein the controller includes: a saW-tooth Wave genera 
tion unit operable to charge and discharge a saW-tooth Wave 
generation capacitor to change a voltage of the saW-tooth 
Wave generation capacitor like a saW-tooth Wave; a charge/ 
discharge controller operable to change a ratio of a rate at 
Which the saW-tooth Wave generation capacitor is charged 
and a rate at Which the saW-tooth Wave generation capacitor 
is discharged based on the supply voltage or the supply 
current detected by the detector; and a sWitching device 
controller operable to compare a value of the voltage of the 
saW-tooth Wave generation capacitor With a predetermined 
threshold voltage and to control the duration ratio based on 
the comparison result. 

The summary of the invention does not necessarily 
describe all necessary features of the present invention. The 
present invention may also be a sub-combination of the 
features described above. The above and other features and 
advantages of the present invention Will become more 
apparent from the folloWing description of the embodiments 
taken in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs an exemplary structure of a vehicular lamp 
300 according to an embodiment of the present invention. 

FIGS. 2A and 2B shoW a controller 20; FIG. 2A shoWs an 
exemplary structure of a charge/discharge controller 40, 
saW-tooth Wave generation unit 50 and sWitching device 
controller 30 of the controller 20; and FIG. 2B shoWs an 
exemplary operation of the controller 20 and sWitching 
device controller 30. 

FIG. 3 shoWs another exemplary structure of the control 
ler 20. 

FIG. 4A shoWs an exemplary structure of a detector 80. 

FIG. 4B shoWs an exemplary relationship betWeen ambi 
ent temperature and a supply current. 

FIG. 5 shoWs another exemplary structure of the detector 
80. 

FIGS. 6A and 6B shoW examples of a structure of a 
sWitching circuit 10. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention Will noW be described based on the pre 
ferred embodiments, Which do not intend to limit the scope 
of the present invention, but exemplify the invention. All of 
the features and the combinations thereof described in the 
embodiment are not necessarily essential to the invention. 

FIG. 1 shoWs an exemplary structure of a vehicular lamp 
300 according to an embodiment of the present invention. 
The vehicular lamp 300 is used in a vehicle such as a car. 
The vehicular lamp 300 includes a sWitching regulator 
circuit 100 and a load 250. 

The load 250 is a light source such as a light-emitting 
diode, and emits light in accordance With poWer supplied 
thereto. The sWitching regulator circuit 100 receives poWer 
from an external poWer supply 200 and supplies the received 
poWer to the load 250 after adjusting it. The poWer supply 
200 is a battery mounted on the vehicle, for example. 

The sWitching regulator circuit 100 includes a sWitching 
circuit 100, a controller 20 and a detector 80. The sWitching 
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4 
circuit 10 receives the poWer from the poWer supply 200 and 
supplies the received poWer to the load 250 after adjusting 
the received poWer. The sWitching circuit 10 includes a 
smoothening capacitor 12, a transformer 14, a sWitching 
device 18, a regulating device 15 and a smoothening capaci 
tor 16. 

The transformer 14 is provided to form a loop together 
With the poWer supply 200. The sWitching device 18 
sWitches Whether or not a current is supplied from the poWer 
supply 200 to a primary coil of the transformer 14, thereby 
generating a supply voltage and a supply current at a 
secondary coil of the transformer 14. The regulating device 
15 regulates the supply current supplied from the secondary 
coil of the transformer 14 to the load 150. The smoothening 
capacitor 12 removes a noise in the voltage and current that 
are supplied to the primary coil of the transformer 14, While 
the smoothening capacitor 16 smoothens the supply voltage 
and the supply current that are supplied by the secondary 
coil of the transformer 14 to the load 250. 

The detector 80 detects the supply voltage or the supply 
current that is supplied by the sWitching circuit 10 to the load 
250. The controller 20 controls a duration ratio of a period 
in Which the sWitching device 18 is on or off (duty ratio) 
based on the supply voltage or the supply current detected by 
the detector 80, so as to control the supply voltage or the 
supply current that is applied to the load 250. The controller 
20 includes a charge/discharge controller 40, a saW-tooth 
Wave generation unit 50 and a sWitching device controller 
30. 

The saW-tooth Wave generation unit 50 generates a saW 
tooth Wave. In this example, the saW-tooth Wave generation 
unit 50 includes a saW-tooth Wave generation capacitor 
grounded at one end. The saW-tooth Wave generation unit 50 
changes a potential at the other end of the saW-tooth Wave 
generation capacitor like a saW-tooth Wave, so as to generate 
the saW-tooth Wave. 

The charge/discharge controller 40 changes a ratio of a 
rate at Which the saW-tooth Wave generation capacitor is 
charged and a rate at Which the saW-tooth Wave generation 
capacitor is discharged, based on the supply voltage or the 
supply current that Was detected by the detector 20. The 
sWitching device controller 30 compares a voltage charged 
in the saW-tooth Wave generation capacitor With a predeter 
mined threshold value so as to control the duration ratio in 
Which the sWitching device 18 is on or off based on the 
comparison result. 

According to the sWitching regulator circuit 100 of this 
example, the duty ratio of the sWitching device 18 can be 
controlled by a simple circuit structure. 

FIGS. 2A and 2B are used for explaining the controller 20. 
FIG. 2A shoWs an exemplary structure of the charge/ 
discharge controller 40, saW-tooth Wave generation unit 50 
and sWitching device controller 30 of the controller 20. In 
this example, the sWitching device controller 30 is a com 
parator that compares a voltage of the saW-tooth Wave 
generation capacitor 58 With a comparison voltage supplied 
to the sWitching device controller 30 and outputs a sWitching 
control voltage for controlling the sWitching device 18 based 
on the comparison result. 
The charge/discharge controller 40 receives a voltage and 

a current in accordance With the supply voltage or the supply 
current from the detector 80 and then supplies a charge/ 
discharge control voltage in accordance With the received 
voltage and current to the saW-tooth Wave generation unit 
50. The charge/discharge controller 40 includes a resistor 42 
connected to the detector 80 at its one end and a capacitor 
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44 provided between the other end of the resistor 42 and 
ground potential, and supplies a potential difference betWeen 
the ground potential and a potential at the other end of the 
resistor 42 to the saW-tooth Wave generation unit 50 as the 
charge/discharge control voltage. 

The saW-tooth Wave generation unit 50 includes a charge 
resistor 56, a discharge resistor 54, a discharge diode 52, a 
saW-tooth Wave generation capacitor 58 and a hysteresis 
generation unit 60. The charge resistor 56 has one end 
connected betWeen the resistor 42 and the capacitor 44 and 
the other end connected to a negative input terminal of the 
sWitching device controller 30 and the saW-tooth Wave 
generation capacitor 58. To the charge resistor 56, the 
charge/discharge control voltage is applied. 

The saW-tooth Wave generation capacitor 58 is connected 
to the ground potential at one end and is also connected to 
the negative input terminal of the sWitching device control 
ler 30 and the resistor 42 at the other end. The saW-tooth 
Wave generation capacitor 58 is charged at a rate in accor 
dance With the charge/discharge control voltage applied to 
the charge resistor 56. 

The discharge resistor 54 is electrically connected to the 
other end of the charge resistor 56 at its one end so as to be 
provided in parallel to the saW-tooth Wave generation 
capacitor 58. The other end of the discharge resistor 54 is 
connected to an output terminal of the sWitching device 
controller 30 via the discharge diode 52. The discharge 
resistor 54 de?nes the discharge rate of the saW-tooth Wave 
generation capacitor 58. 

The discharge diode 52 is connected to the discharge 
resistor 54 at its anode and is connected to the output 
terminal of the sWitching device controller 30 at its cathode. 
In a case Where the voltage charged in the saW-tooth Wave 
generation capacitor 58 is higher than the comparison volt 
age that changes in accordance With a sWitching control 
voltage output from the sWitching device controller 30, the 
sWitching device controller 30 outputs the sWitching control 
voltage of L level. In this case, the discharge diode 52 
discharges the saW-tooth Wave generation capacitor 58 at an 
approximately constant discharge rate. On the other hand, in 
a case Where the charged voltage in the saW-tooth Wave 
generation capacitor 58 is loWer than the comparison voltage 
that changes in accordance With the sWitching control volt 
age output frorn the sWitching device controller 30, the 
sWitching device controller 30 outputs the sWitching control 
voltage of H level and the saW-tooth Wave generation 
capacitor 58 is charged in accordance With the charge/ 
discharge control voltage. In this manner, it is possible to 
supply the saW-tooth Wave to the negative input terminal of 
the sWitching device controller 30. 

The hysteresis generation unit 60 determines the corn 
parison voltage to be supplied to the sWitching device 
controller 30, in accordance With the sWitching control 
voltage. The hysteresis generation unit 60 includes a 
cornparison-voltage supply 68, the ?rst cornparison-voltage 
generation resistor 66, the second cornparison-voltage gen 
eration resistor 64 and a cornparison-voltage generation 
diode 62. 

The cornparison-voltage supply 68 is a reference voltage 
supply for generating the comparison voltage. The ?rst 
cornparison-voltage generation resistor 66 is provided 
betWeen the cornparison-voltage supply 68 and a positive 
input terminal of the sWitching device controller 30 in series. 
The second cornparison-voltage generation resistor 64 is 
connected at one end betWeen the ?rst cornparison-voltage 
generation resistor 66 and the positive input terminal of the 
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6 
sWitching device controller 30 and is connected at the other 
end to an output terminal of the sWitching device controller 
30 via the cornparison-voltage generation diode 62. 

The cornparison-voltage generation diode 62 is connected 
at its anode to the second cornparison-voltage generation 
resistor 64 and is connected at its cathode to the output 
terminal of the sWitching device controller 30. That is, in a 
case Where the sWitching control voltage is at H level, a 
voltage generated by the cornparison-voltage supply 68 is 
supplied as the comparison voltage to the positive input 
terminal of the sWitching device controller 30. In a case 
Where the sWitching control voltage is at L level, a voltage 
obtained by dividing the voltage generated by the 
cornparison-voltage supply 68 by the ?rst and second corn 
parison voltage generation resistors 66 and 64, is supplied to 
the positive input terminal of the sWitching device controller 
30 as the comparison voltage. 

FIG. 2B eXplains operations of the controller 20 and the 
sWitching device controller 30. At time to, the charge/ 
discharge controller 40 supplies the charge/discharge control 
voltage to the saW-tooth Wave generation unit 50. The 
saW-tooth Wave generation capacitor 58 is then charged in 
accordance With the charge/discharge control voltage and 
therefore the voltage of the saW-tooth Wave that is supplied 
to the negative input terminal of the sWitching device 
controller 30 increases. In this case, the voltage generated by 
the cornparison-voltage supply 68 is supplied as the corn 
parison voltage to the sWitching device controller 30 Which 
then outputs a voltage of H level that turns the sWitching 
device 18 on. 

When the charged voltage in the saW-tooth Wave genera 
tion capacitor 58 has exceeded the voltage generated by the 
cornparison-voltage supply 68, the sWitching device con 
troller 30 outputs a voltage of L level as the sWitching 
control voltage (at time t1). In a case Where the sWitching 
control voltage becarne L level, the electric charges stored in 
the saW-tooth Wave generation capacitor 58 are discharged 
via the discharge resistor 54 and discharge diode 52 at a rate 
de?ned by the discharge resistor 54. In this case, the voltage 
divided in the aforementioned manner is supplied as the 
comparison voltage to the sWitching device controller 30, 
Which outputs a voltage of L level that turns the sWitching 
device 18 off. 

Then, the saW-tooth Wave generation capacitor 58 is 
discharged until the charged voltage of the saW-tooth Wave 
generation capacitor 58 becomes loWer than the comparison 
voltage obtained by division of the voltage mentioned 
above. When the charged voltage of the saW-tooth Wave 
generation capacitor 58 became loWer than the comparison 
voltage obtained by the division of voltage, the saW-tooth 
Wave generation capacitor 58 is charged again by the charge/ 
discharge control voltage. 

Next, in a case Where the charge/discharge control voltage 
increased, the charge rate at Which the saW-tooth Wave 
generation capacitor 58 is charged also increases (at time t2) 
As shoWn in FIG. 2B, a period required for charging the 
saW-tooth Wave generation capacitor 58 in a case Where the 
higher charge/discharge control voltage is supplied to the 
saW-tooth Wave generation unit 50, (t3—t2), is shorter than 
that in a case Where the loWer charge/discharge control 
voltage is supplied, (t1—tO). Since the discharge rate is 
constant irrespective of the charge/discharge control 
voltage, the duty ratio of the sWitching control voltage is 
changed by the charge/discharge control voltage. In other 
Words, in a case Where supply poWer that is supplied to the 
load 250 is larger, the duty ratio of the sWitching device 18 
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can be reduced. In another case where the supply power is 
smaller, the duty ratio of the switching device 18 can be 
increased. 

According to the switching regulator circuit 100 of this 
example, it is possible to supply the supply power that is 
approximately constant to the load 250 by a simple circuit 
structure. Also, in the vehicular lamp 300, it is possible to 
emit light with approximately constant light amount. 
Moreover, it is necessary to prevent excess power consump 
tion in the vehicular lamp 300 because the power is supplied 
to the vehicular lamp 300 from the power supply 200 having 
the limited capacity, such as a battery. However, according 
to the switching regulator circuit 100 of this example, it is 
possible to prevent the oversupply of power to the load 250 
by a simple circuit structure, so as to reduce the excess 
power. In addition, since the supply of excess power to the 
load 250 can be prevented, the load 250 can be protected. 
Furthermore, it is possible to control the switching device 18 
by a simple circuit structure, thus increasing the reliability of 
the switching device 18 against breakdown and the like. 

FIG. 3 shows another exemplary structure of the control 
ler 20. The components in this example labeled with the 
same reference numerals as those in FIG. 2A have the same 
or similar functions and structures as/to those of the com 
ponents described referring to FIG. 2A. The controller 20 
includes the charge/discharge controller 40, the saw-tooth 
wave generation unit 50 and the switching device controller 
30. The switching device controller 30 receives the voltage 
of the saw-tooth wave generation capacitor 58 supplied 
thereto and outputs the switching control voltage for con 
trolling the switching device 18 based on the result of 
comparison of the voltage of the saw-tooth wave generation 
capacitor 58 with a predetermined threshold value. In this 
example, the switching device controller 30 is a schmitt 
trigger inverter in which the threshold value changes in 
accordance with the switching control voltage. 

The charge/discharge controller 40 has the same function 
and structure as those of the charge/discharge controller 40 
shown in FIG. 2A. The saw-tooth wave generation unit 50 
includes the saw-tooth wave generation capacitor 58, a 
charge diode 48, the charge resistor 56, the discharge resistor 
54 and the discharge diode 52. The saw-tooth wave genera 
tion capacitor 58 is connected to ground potential at one end 
and is connected to the input terminal of the switching 
device controller 30 at the other end, and is charged at a rate 
in accordance with the charge/discharge control voltage. 

The charge resistor 56 is connected between the resistor 
42 and the capacitor 44 at one end and is also connected to 
the input terminal of the switching device controller 30 via 
the discharge resistor 54 at the other end. To the charge 
resistor 56, the charge/discharge control voltage is applied. 
One end of the discharge resistor 54 is connected to the other 
end of the saw-tooth wave generation capacitor 58 and the 
input terminal of the switching device controller 30, while 
the other end of the discharge resistor 54 is connected to the 
charge resistor 56. The charge diode 48 is provided between 
the charge resistor 56 and the saw-tooth wave generation 
capacitor 58 to be in parallel to the discharge resistor 54 in 
such a manner that the charge diode 48 allows a forward 
direction current to ?ow from the charge resistor 56 to the 
saw-tooth wave generation capacitor 58. The discharge 
diode 52 is provided so as to allow a forward-direction 
current to ?ow from a point of connection of the charge 
resistor 56 and the discharge resistor 54 to the output 
terminal of the switching device controller 30. 

The operation of the controller 20 in this example is 
similar to that of the controller 20 described referring to FIG. 
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2B. In a case where the charged voltage in the saw-tooth 
wave generation capacitor 58 is lower than a threshold 
voltage of the schmitt trigger inverter, the saw-tooth wave 
generation capacitor 58 is charged by the charge/discharge 
control voltage via the charge resistor 56 and the charge 
diode 48. In a case where the charged voltage in the 
saw-tooth wave generation capacitor 58 is higher than the 
threshold voltage of the schmitt trigger inverter, the saw 
tooth wave generation capacitor 58 is discharged via the 
discharge resistor 54 and the discharge diode 52. 

Also in the switching regulator circuit 100 including the 
controller 20 of this example and the vehicular lamp 300 
including such a switching regulator circuit, it is possible to 
achieve the same effects as those obtained by the switching 
regulator circuit 100 and the vehicular lamp 300 described 
referring to FIGS. 2A and 2B. Moreover, the switching 
device controller 30 is formed by a schmitt trigger inverter. 
Therefore, it is not necessary to include the hysteresis 
generation unit 60 in the controller 20, thus achieving the 
aforementioned effects by the further simpler circuit struc 
ture. 

FIGS. 4A and 4B show the detector 80. FIG. 4A shows an 
exemplary structure of the detector 80. The detector 80 is 
provided between the external power supply 200 and the 
load 250 and includes a current detecting resistor 82, a 
transistor 88, an emitter resistor 84, a temperature compen 
sating diode 86 and a resistor 90. 
The current detecting resistor 82 is provided between the 

power supply 200 and the load 250. Through the current 
detecting resistor 82, the supply current is supplied to the 
load 250. In this example, the current detecting resistor 82 
receives the supply current from the high-voltage side of the 
switching circuit 10 and supplies the received supply current 
to the load 250. 

The emitter resistor 84 is connected between the current 
detecting resistor 82 and the switching circuit 10 at one end 
and is connected to an emitter terminal of the transistor 88 
at the other end. The transistor 88 is electrically connected 
to one end of the current detecting resistor 82 at its emitter 
terminal and is electrically connected to the other end of the 
current detecting resistor 82 via the temperature compen 
sating diode 86 at its base terminal. The transistor 88 
generates a collector current in accordance with voltage drop 
in the current detecting resistor 82 and supplies the collector 
current to the charge/discharge controller 40. 
The temperature compensating diode 86 is provided 

between the base terminal of the transistor 88 and the other 
end of the current detecting resistor 82 in series and com 
pensates change of a threshold voltage of the transistor 88 
caused by the temperature change. The temperature com 
pensating diode 86 is provided so as to allow a forward 
direction current to ?ow from the current detecting resistor 
82 to the base terminal of the transistor 88. The resistor 90 
electrically connects the base terminal of the transistor 88 to 
the low-voltage side of the switching circuit 10. 

In a case where the supply current has increased and the 
voltage drop in the current detecting resistor 82 has become 
larger than the threshold voltage between the emitter and the 
base of the transistor 88, the collector current ?ows in the 
transistor 88. Thus, the charge/discharge control voltage 
output from the charge/discharge controller 40 becomes 
larger, thereby decreasing the duty ratio of the switching 
device 18. 
The threshold voltage of the transistor 88 is changed by 

ambient temperature so as to cause the change of the 
collector current. However, the change of the collector 
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current by that temperature change can be reduced by 
providing the temperature compensating diode 86. In other 
Words, the change of the threshold voltage of the transistor 
88 can be compensated by change of a forWard-direction 
voltage of the temperature compensating diode 86 caused by 
the above-described temperature change. 

FIG. 4B shoWs an exemplary relationship betWeen ambi 
ent temperature and the supply current. In FIG. 4B, solid line 
represents a case Where the temperature compensating diode 
86 is included, While broken line represents a case Where no 
temperature compensating diode 86 is included. The thresh 
old voltage of the transistor 88 becomes loWer as the 
ambient temperature becomes higher. Thus, the collector 
current increases and the duty ratio of the sWitching device 
18 becomes smaller. Therefore, the supply current that is 
supplied to the load 250 is reduced. According to the 
detector 80 of this example, the forWard-direction voltage of 
the temperature compensating diode 86 changes in accor 
dance With the change of the ambient temperature. 
Therefore, it is possible to compensate the change of the 
threshold voltage of the transistor 88 so as to keep the supply 
current approximately constant. 

Moreover, it is possible to reduce the resistance value of 
the current detecting resistor 82 by providing the tempera 
ture compensating diode 86. More speci?cally, to the gate 
terminal of the transistor 88, a voltage is applied in accor 
dance With the sum of the voltage drop in the current 
detecting resistor 82 and the forWard-direction voltage of the 
temperature compensating diode 86. Thus, the voltage drop 
in the current detecting resistor 82 that is required for turning 
the transistor 88 on can be made smaller. In this manner, the 
poWer consumed by the vehicular lamp 300 and the sWitch 
ing regulator circuit 100 can be reduced. 

FIG. 5 shoWs another exemplary structure of the detector 
80. In this example, the detector 80 includes a transistor 88, 
an emitter resistor 84, a base resistor 92 and a Zener diode 
94. 

The emitter resistor 84 is connected betWeen the high 
voltage side of the sWitching circuit 10 and the load 250 at 
one end and is connected to an emitter terminal of the 
transistor 88 at the other end. The base resistor 92 is 
connected betWeen the high-voltage side of the sWitching 
circuit 10 and the load 250 at one end and is connected to a 
base terminal of the transistor 88 at the other end. Moreover, 
the Zener diode 94 is connected to the other end of the base 
resistor 92 and the base terminal of the transistor 88 at its 
cathode While being connected to the loW-voltage side of the 
sWitching circuit 10 at its anode. 

In a case Where the supply voltage supplied to the load 
250 became higher than a reverse-direction voltage of the 
Zener diode 94, a current ?oWs through the base resistor 92 
and the transistor 88 is turned on, thus a collector current in 
accordance With the supply voltage is generated. In the 
detector 80 of this example, by change of the reverse 
direction threshold voltage of the Zener diode 94 caused by 
the change of the ambient temperature, it is possible to 
compensate the change of the threshold voltage of the 
transistor 88. 

FIGS. 6A and 6B shoW exemplary structures of the 
sWitching circuit 10, respectively. In the example shoWn in 
FIG. 6A, the sWitching circuit 10 includes the structure of 
the sWitching circuit 10 described referring to FIG. 1 and 
further includes a control-poWer-supply coil 106, a diode 
110, a smoothening capacitor 112 and a diode 108. The 
transformer 14 includes a primary coil 102 and a secondary 
coil 104. 
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10 
The control-poWer-supply coil 106 is provided to form a 

transformer together With the primary coil 102. The control 
poWer-supply coil 106 generates control poWer in accor 
dance With the poWer supplied to the primary coil 102 and 
supplies the control poWer to the controller 20. The smooth 
ening capacitor 112 is provided to form a loop together With 
the control-poWer-supply coil 106 and smoothens the con 
trol poWer to be supplied to the controller 20. The diode 108 
is provided in series With the secondary coil 104 so as to 
prevent a reverse current. The diode 110 is provided in series 
With the control-poWer-supply coil 106 so as to prevent a 
reverse current. 

According to the sWitching circuit 10 of this example, the 
poWer to be supplied to the controller 20 that controls the 
sWitching device 18 can be generated by a simple circuit 
structure. 

FIG. 6B shoWs another exemplary structure of the sWitch 
ing circuit 10. In this example, the sWitching circuit 10 
includes a smoothening capacitor 12, a sWitching device 18, 
a diode 120, a step-doWn coil 114, a control-poWer-source 
coil 116, a diode 110, a smoothening capacitor 112 and a 
smoothening capacitor 16. 
The smoothening capacitors 12, 16 and 112 and the diode 

110 have the same functions as those of the smoothening 
capacitor 12 and the diode 110 in the sWitching circuit 10 
shoWn in FIG. 6A. 
The step-doWn coil 114 is provided betWeen a high 

voltage terminal of the poWer supply 200 and a loW-voltage 
terminal of the load 250 in series and supplies the supply 
voltage obtained by decreasing the poWer-supply voltage of 
the poWer supply 200 to the load 250. The sWitching device 
18 is provided betWeen the poWer supply 200 and the 
step-doWn coil 114, and makes the step-doWn coil 114 
generate the supply voltage by repeatedly sWitching Whether 
or not a current is supplied from the poWer supply 200 to the 
step-doWn coil 114. The diode 120 regulates the supply 
current. 

The control-poWer-supply coil 116 is provided to form a 
transformer 118 together With the step-doWn coil 114 so as 
to generate the control poWer in accordance With the poWer 
supplied to the step-doWn coil 114. The generated control 
poWer is supplied to the controller 20. Also in the sWitching 
circuit 10 of this example, the poWer to be supplied to the 
controller 20 for controlling the sWitching device 18 can be 
generated by a simple circuit structure. 
As is apparent from the above, according to the present 

invention, it is possible to control a sWitching device in a 
sWitching regulator circuit by a simple circuit structure. 

Although the present invention has been described by Way 
of exemplary embodiments, it should be understood that 
those skilled in the art might make many changes and 
substitutions Without departing from the spirit and the scope 
of the present invention Which is de?ned only by the 
appended claims. 
What is claimed is: 
1. A sWitching regulator circuit for controlling poWer 

supplied to a load, comprising: 
a sWitching device operable to repeatedly go on or off to 

control a voltage or a current applied to said load; 
a detector operable to detect a supply voltage or a supply 

current supplied to said load; and 
a controller operable to control a duration ratio of a period 

in Which said sWitching device is on or off based on 
said supply voltage or said supply current detected by 
said detector, to control a value of said voltage applied 
to said load, Wherein 
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said controller includes: 

a saW-tooth Wave generation unit operable to charge and 
discharge a saW-tooth Wave generation capacitor 
grounded at one end to change a voltage at another end 
of said saW-tooth Wave generation capacitor to a saW 
tooth Wave; 

a charge/discharge controller operable to change a ratio of 
a rate at Which said saW-tooth Wave generation capaci 
tor is charged and a rate at Which said saW-tooth Wave 
generation capacitor is discharged, based on said sup 
ply voltage or said supply current detected by said 
detector; and 

a sWitching device controller operable to compare a 
voltage value of said saW-tooth Wave generation 
capacitor With a predetermined threshold value and to 
control said duration ratio of said period in Which said 
sWitching device is on or off based on the comparison 
result. 

2. A sWitching regulator circuit as claimed in claim 1, 
Wherein said charge/discharge controller outputs a charge/ 
discharge control voltage based on said supply voltage or 
said supply current detected by said detector, 

said sWitching device controller is a comparator that 
compares a voltage of said saW-tooth Wave generation 
capacitor With a comparison voltage supplied to said 
sWitching device controller and outputs a sWitching 
control voltage for controlling said sWitching device 
based on the comparison result, and 

said saW-tooth Wave generation unit includes: 

said saW-tooth Wave generation capacitor operable to be 
charged at a rate in accordance With said charge/ 
discharge control voltage; 

a hysteresis generation unit operable to determine said 
cornparison voltage to be supplied to said sWitching 
device controller in accordance With said sWitching 
control voltage; and 

a discharge diode operable to discharge said saW-tooth 
Wave generation capacitor at an approximately constant 
rate, in a case Where said voltage of said saW-tooth 
Wave generation capacitor is higher than said sWitching 
control voltage. 

3. A sWitching regulator circuit as claimed in claim 1, 
Wherein said charge/discharge controller outputs a charge/ 
discharge control voltage based on said supply voltage or 
said supply current detected by said detector, 

said sWitching device controller is a schrnitt trigger 
inverter, to Which a voltage of said saW-tooth Wave 
generation capacitor is supplied, operable to output a 
sWitching control voltage for controlling said sWitching 
device based on said voltage of said saW-tooth Wave 
generation capacitor, and 

said saW-tooth Wave generation unit includes: 

said saW-tooth Wave generation capacitor operable to be 
charged at a rate in accordance With said charge/ 
discharge control voltage; and 
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a discharge diode operable to discharge said saW-tooth 
Wave generation capacitor at an approximately constant 
rate in a case Where said voltage of said saW-tooth Wave 
generation capacitor is higher than said sWitching con 
trol voltage. 

4. A sWitching regulator circuit as claimed in claim 2, 
Wherein said detector includes: 

a current detecting resistor, provided betWeen an eXternal 
voltage and said load, operable to alloW said supply 
current to How therethrough; 

a transistor having an emitter terrninal electrically con 
nected to one end of said current detecting resistor and 
a base terrninal electrically connected to another end of 
said current detecting resistor, said transistor generat 
ing a collector current in accordance With voltage drop 
in said current detecting resistor to supply said collector 
current to said charge/discharge controller; and 

a temperature cornpensating diode, provided betWeen said 
base terminal of said transistor and said another end of 
said current detecting resistor in series, operable to 
compensate change of a threshold voltage of said 
transistor caused by temperature change. 

5. A vehicular larnp used in a vehicular, comprising: 
a light source operable to emit light in accordance With 
poWer supplied thereto; 

a sWitching device operable to repeatedly go on or off to 
control a voltage or a current applied to said light 

source; 

a detector operable to detect a supply voltage or a supply 
current that is supplied to said light source; and 

a controller operable to control a duration ratio of a period 
in Which said sWitching device is on or off based on 
said supply voltage or said supply current detected by 
said detector, to control a value of said voltage applied 
to said light source, Wherein 

said controller includes: 

a saW-tooth Wave generation unit operable to charge and 
discharge a saW-tooth Wave generation capacitor to 
change a voltage of said saW-tooth Wave generation 
capacitor to a saW-tooth Wave; 

a charge/discharge controller operable to change a ratio of 
a rate at Which said saW-tooth Wave generation capaci 
tor is charged and a rate at Which said saW-tooth Wave 
generation capacitor is discharged based on said supply 
voltage or said supply current detected by said detector; 
and 

a sWitching device controller operable to compare a value 
of said voltage of said saW-tooth Wave generation 
capacitor With a predetermined threshold voltage and to 
control said duration ratio based on the comparison 
result. 


